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Detailed Description Text (29): 

The primary elements comprising Trigger Control 38 are shown in the lower right 
portion of FIG. 2 and include Trigger Enable Register (TRIGENR) 90, Trigger Memory 
(TRIGMEM) 92, Illegal/Error Condition Detector { ILGL/ER) 94, Trigger Detector Logic 
(TRIGDET) 96, Trigger Registers (TRIGREG) 98 and Time Stamp Counter (TSC) 100. As 
will be described below, the outputs from TRIGMEM 92, ELGL/ER 94 and the inputs 
from EXTTRG 42 are trigger signals representing the occurrence of conditions being 
monitored while TRIGENR 90 stores information, in the form of trigger enabling 
codes, determining what particular monitored conditions will result in a sampling 
trigger while. TRIGDET 96 and TRIGREG 98 compare the triggers representing the 
occurrence of conditions being monitored with the present and previous trigger 
condition inputs from TRIGENR 90 and generate a trigger output, TRIGS, when a set 
of monitored conditions match the criteria stored in TRIGENR 90.' 
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ATTY-AGENT-FIRM: Clapp; Gary D. Solakian; John S. 
ABSTRACT: 

A monitor for selectively detecting and recording conditions at selected points 
within a system during operation includes trigger logic connected from first 
selected points and responsive to selected conditions occurring at each of the 
first points for generating corresponding trigger outputs representing the 
occurrence of the selected conditions and a silo bank memory having a sub-silo for 
each second point. Each sub-silo has a first sub-silo segment with data inputs 
connected from the corresponding second point for recording data from the second 
point and a second sub-silo segment with data inputs connected from a time stamp 
generator. Silo write control logic is responsive to the trigger outputs to write 
the data representing the conditions present at each second point and the time 
stamp output of the time stamp generator into the corresponding sub-silo segments 
of the silo bank upon occurrence of a corresponding trigger output so that each 
condition recorded in the silo bank memory as the result of a trigger output has 
associated with it the time stamp count representing the relative time of 
occurrence of the trigger output. 

11 Claims, 4 Drawing figures 
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21 of a boundary^ pu@ye; yoltaize level detecting means co nected to said fir.st 
and second means for comparing each @.of said first voltaae signals wit ' i at least 
on@- limit signal and qeneratin - at least one output signal in response to f the 
value of said first signal reaching its respective limit signal value; and means 
including AND and OR circuits connected to said third-named means for 
comparing@presele@ted groups of @aid. output signals for determining where @aid ] 
@oiiii defined by said variable input signals is located with respect to seiid 
ciirve. S. A computer system compri@ing d plurality of variable inj@ut - signals 
defining an operating condition ; first inean@ responsive to 1 said input signals for 
gener ng a plurality of variable first signals defining an opeiating point, said 
first means including ir. ans for gencratin . one signal representing the sum of a 
portion of said input variables and means for generating another signal 
representing the ratio between said one @ signal and at least one of said input 
signals-, second means for generating a plurality of limit signals, at least one of 
said limit signals for each first signal, said plurality of limit signals defining 
an operating curve b6und- , Lry; third means, including a plurality of voltage level 
detecting means, 0 connected to said first and second means for comparing each of 
said first signals with at least one limit signal and generating a second signal 
when said first signal is less than said limit value and a third signal in response 
to the value of said first signal reaching its respective limit value; and fourth 
means for comparing preselected groups of said second and third signals and 
generating an indicating signal, said indicating signal having a first value when 
all of said input signals have failed to reach said limit values and a second value 
when at least one preselected input signal has reached said operating curve 
boundary, and means responsive to said indicating signal for controlling at least 
one of said variable input signals. 6. A monitoring system compri0ing first means 
respons.ve to a plurality of input signals from a system to be monitored for 
providing a plurality of first signals representing pertinent parameters of said 
system and defining an operating condition of said system, second means for 
generating a plurality of sets of limit value signals, each of said sets defining a 
boundary curve, said plurality of boundary curves defining a plurality of areas of 
operation, third means responsive to said first means for comparing each of said 
first signals with one limit value signal in each of said plurality of sets of 
limit values and generating a third signal when said limit value has been exceeded 
and a fourth signal when said first signal is less than said li-init value, logic 
means responsive to @said third nicans for comparing said third and fourth si.-nals 
in preselected grolips and generating at least one signal representing the location 
of said operat,ng condition with respect to at least one of said boundary curves, 
and means f6r indicating the relative location of said operating condition with 
respect to at least one of said curves. 7. A monitoring system comprising first 
means providing a plurality of parameter signals representing values of pertinent 
parameters of a system to be mon 1 1- tored and defining an operating condition of 
said monitored system, second means for generating a plurality of signals 
representing a first set of limit values, said first limit values defining a first 
operating curve, third means for generating a plurality of signals representing a 
second set of limiting values, said second limit values defining a second operating 
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curve, fourth means connected to said first and second means for comparing each of 
said parameter signals with one of the limit values of said first set and 
generating first output signals indicating when said parameter signals have reached 
and have failed to reach said limit values of said first set, fifth means connected 
to said first and third means for comparing each of said parameter signals with one 
of the limit values of said second set and generating second output signals 22, 
indicating when said parameter sianals Qhave re ached and have failed- to. reach 
said limit values of said second set, sixth@ means@ responsive to said first output 
signals for generating an indicating signal 4efining the relative location of said 
operating condition with respect to said first o e at 1 p r mg curve, sevent h means 
resi)onsive to said fifth n@ea4s for generat , iiig] an indicating signal defining 
the relative Glocatidn of s@id overating curve, and means responsive to said 
indicating signals of said sixth and 10 seventh means for indicating the relative 
location of said operatm.- condition with respect to both said first and second 
operating curves. 8. A m6nitoring system comprising first means for providing . a 
plurality of first signals r, -presen ting the 15 values 6f pertinent parameters of 
a system to be moni- ; tored; second means -respotisive to said first ineans 
comparing each of said first signals with at least one preselected limit 'value for 
generating a plurality of second and third signals! each of said second 1 signals 
being gen- 20 erated when an associated first signal is within said limit value, 
each of said third signals being generated when an associated first signal has 
reached said limit value; third means comparing preselected groups of said second 
and third signals for generating a plurality of fourth and 25 fifth signals' each 
of said fourth signals being generated when a @preselected group has a 
predetermined relation- ship, each of said fifth signals being generated when a 
preselected group has another predetermined relationship; and fourth ii@eans 
responsive to preselected groups of 30 said fourth and fifth signals for indicating 
whether or not said monitored system is operating within acceptable boundary 
conditions, said boundary conditions being defined by said preselected limit 
values. 9. The monitoring system of claim 8 wherein said 35 third means includes a 
plurality of OR circuits connected to said second means and responsive to 
preselected groups of said second and third signals for comparing said si.-nals. 
10. The monitoring system of claim 8 wherein said 40 fourth means includes at least 
one AND circuit responsive to said fourth and fifth signals for comparing 
preselected groups of said fourth and fifth signals and generating an indicating 
signal when said group has a predetermined relationship. 45 ill. A monitoring 
system comprising a plurality of pertinent parameter signals representing the 
operating condition of a system to be monitored; first means responsive to said 
parameter signals for generating first voltage signals representing an operating 
point, 50 means including at least one means for co g at least two of said 
parameter signals in a predetermined relation and generating a first voltage signal 
representing said relation; second means for comparing each of said first signals 
Avith at least one preselected limit value an 55 for generating a plurality of 
second and third signals, each of said second signals being generated when an 
associated first signal is within said limit value, each of said third signals 
being generated when an associated first signal has reached said Emit value,- logic 
means com- selected groups of said second and third signals 60 paring pre for 
generating a plurality of fourth and fifth signals, each of said fourth signals 
being generated when a preselected group has a predetermined- relationship, each 
of said fifth signals bein. - generated when a preselected 65 group@ has another 
relationship-, and fourth means responsive to preselected groups of said fourth and 
fifth signals for indicating whether or not said monitored system is operating 
within the boundary conditions defined by said preselected limit values. 70 12 A 
computer comprising a plurality of first means for generating a plurality of 
variable first voltage signals representing pertinent parameters defining a point; 
a pluraety of trigger means each including a voltage level detecting means, each t- 
rigger means being responsive to 75 one of said first signals for comparing said 
first signal 
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45 stage responds by sending a negative signal through the "or" gate to the 
"inhibitor" gate. This allowi the continuing transmission of register drivo pulses 
-to the ring pulser circuit, and the allottdr continues its stepping process until 
it finds an idle finder. If desired, a line finder may be taken out of service for 
repairs by placing a negative potential on its allotter start lead AS The allofter 
will theh skip over this particular link, thinking it is busy, and will allot a 
succeeding idle link. Turning our attention now to the emergency pulse generator 
circuit of the allotter, it will b, e remembered that the allotter normally operates 
to allot a new link in response to the allotter start signal received fr6m the 
allotted line finder. In the, ev&ht of failure of the line finder to seize the 
calling line, no allotter S-tart signal would be received, and the allotter would 
remain permanently, locked to the faulty link. To prevent this, a monitor ci rcuit 
is incorpora te d withili the allotter which examines the multiplexer pulses on 
conductor MPX, and compares them with the fmder busy pulses on conductor FB 'In 
normal operation of the system, every multiplexer pulse wiH have a companion busy 
pulse, originating either in a line finder or a connector. The inonitor cir6uit 
comprises an "inhibitor" gate which is arranged so that afl unguarded multiplex. er 
pulses are transmitted. If more than a reasonable number of unguarded multi-' 
plexer pulses are passed, allowing ample finding time, for the allotted line 
finder, then the emergency pulse generator is brought into play to generate a 
single emergency pulse. This pulse is passed through the second "or" gate described 
previously and serves to operate the ring driver transistor 1226, which in turn 
steps the allotter to the next link. Diodes CD1212 and CD1213 comprise the 
"^^ ltor " gate - Conductor MPX and conductor FB connect to the anode ternu'nals of 
CD1212 and CD1213, respectively. It will be remembered that conductor MPX stands at 
ground potential except when a negative pulse is connected thereto and conductor FB 
stands at -7.5 volts except when a positive pulse is connected thereto. Tbus, in 
the absence of pulses, diode CD1212 conducts so that the gate output is at ground 
potential and diode CD1213 is cut off. If an uigilarded multiplexer pulse is 
received, that is, conductor MPX goes negative and condutcor FB remains negative, a 
negative output is realized from the gate. If the multiplexer pulse has a companion 
pulse that is, conductor MPX goes negative and conductor FB rises to approximately 
ground- potential, diode CD1213, conducts and diode CD1212 is cut off so that the 
output of the gate remains at ground potential. Thus, negative pulses, which 
correspond to unguarded multiplexer. pulses, are coupled through capacitor C1204 to 
the base circuit of- transistor 1230. Transistor 1230 is connected as a monostable 
oscillator and its operation is similar to previously described monostable 
oscillators. Briefly- transistor 1230 is biased for non- conduction by virtue of 
base bias from ground through resistor R1207, and emitter bias from -7.5 volts 
throtigh resistor R1209. The negative impulse co-.inected to the base circuit 
serves to trigger the oscillator into the saturation region. The pulse is 
terminated when capacitor C1205, which is connected between the e-tnitter and base, 
becomes charged from -16.5 volts through resistor R1209, the collector, base, and 
rZ I ,^nc S i St ° r 1230 • ^ transist °r 1230 is rendered non-conductive, 
capacitor C1205 discharges through ihe back emitter resistance. A positive going 
output pulse is taken from across corector load resistor R1209 and coupled through 
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1 " 26 t0 the ba ^ circuit of transistor 1240. The positive peak of the 
diode' CDIzTa wM S SW r 9 ° f a PP r ° ximatel V 9 -Its, is clamped to +7 . 5 volts by 
voltt rlt t ' ° f . course ' conducts when its anode potential exceeds +7.5 

volts The negative swing which occurs at the termination of the pulse serves to 

o? th ^ Rc'ndtwo 0 ; 214 t0 46 rend6r transist - conductive. P T h r t ime consent 

of the RC ndtwork, comprising capacitok C1206 and resistor R1210, is suf f icie-ntlv 

ip°6n L° D ncat trahS1 , St ° r 12 h° C ° ndUCtS f ° r an entire f — ° f 100 ° ^-seconds 
Up6n application of succeeding pulses, transistor 1240 is cut off for the duration 

Th f e ea o C ut pu S : o a tV hen A° ndUCtS 6ntire Peri ° d ting succeeding PuLes 

resis?o?RT2n , w transistor 1240, which appears across collector load 

received liurin nf « ^ ^ " When n ° uh ^ arded multiplexer pulses are 
ItTZt \ periods when ^guarded multiplexer ptilses are being rece- Ved 

the output voltage rises to approximately + 4.5 volts except for very short 
intervals once per frame when the voltage once more drops to -7.5 vl 5 The 

cScftor 9 C1207 1S Shf ^ ^ comprising resistor R1212 and 

^ tC ^ 20? - T *f SHt£ut of this integrator circuit is connected to the emitter 
of monostable oscillator transistor 1250. The time constant of the integrator is so 

pot: n riai a niah P e r nr a n el ? •** ±S ^ thS to builo up to a 

potential high enou.-h, to trigger the oscillator. In this way, mom I entarv 

unguarded multiplexer pulses will not operate the emergency pulse circuit but th. 
ooe^tio'n of t S H t6nCe 0f . U ^ Uarded »ultii, lexer pulses will Lsult in 25 t^ ^ ^ 
operation of the circuit. The resulting negative oiitput pulse from transistor 1250 

w hLTfunctions't'o'ste: S"" ^ *** ^ CirCUit °< ^ ^ transistor 1 ° 
Is incorooraJed in th^n 33 P reviousl y described. A manual push button PB 

is incorporated in the 30 emergency pulse generator circuit to serve as a means for 
advancing the allotter one step at a time fort^Tpurposes . If tZ button is held 

Saci or c orr ^ P COnt ™^ at a slow'rate. ResistS rSS in" ' 

capacitor C1207 comprise the integrator circuit in this 35 condition The emeraencv 
pulse generator circuit will also respond as a result of al lotter ri nq failure If 

off nook'' t S h° StSP ' all ° tter Wl11 n0t allot a new finoS. If" a line goes 

off hook, no finders are capable of seizing that line, 40 and the multiplexer 

gen:"tor a The UngUardedi ^ ±S the ° Perati ° n ° f the emergency pu " 

a^neratpj:. The emergency pulse generator will also be energized in the event that 

fiL S , bUSy ' ThS all °tter will step continuously, trying to find an idle 

fwV nde f, C °r 45 tro1 of "and" gates associated with the ring stages 

Since the multiplexer pulses remain unguarded, the emergency service circuit will 
1250 Ld^^O t T d ^ thiS CirCUit ' transistors 1200^ 1200B, 1200C 123 

tVpe' T I201 InnT ?" A ' tran " 50 SiSt ° rS 1210A ' 1210B ' and 1210C may be 

type TI201, and transistor 1240 may be type CK722. While the allotter has been 
disclosed as controlling finders in a bi-path system, its application is not 
limited thereto. Allotter 19 could be used in an all multiplex 55 system such as 

is .Jedto tne ri : *** application *»r. No. 13?, 974, whS application 

finder 17A TM, t assignee as the present invention. LINK EQUIPMENT 60 Line 

tinder 17A This circuit is shown in Figures 19 and 20 of the drawings The circuit 
comprises a control section-and A register section The control ^ Clrc ^ 

thro 93 ", 6 nT„\ fier tranSi3tor 1900 ' cutrthrou^s^V^ansl tor 91 ^"cut^" 63 
transistor 1 ? 9 llTllTtl 19 f ' " lease d ^y transistor 1930, cut-through ^put 
S' 1S k ? all0tter start transistor 1950A and arotter start 1 tra'nIi^to7 
pulse'in th PU t or register section, which functions to generate a 

of the finder 75, are continuously operated while the finder is Idle and are 
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l™ 1 '™ 1 "' " eans for selectively detecting and recording signals representing at 
stilt ed ZTstZls^ SySt '";. i - 1 » d « trigger gener.Jon Lgic response to 
seie t'^JSdSS! Z fSSS ^r^ecorXrSe 1 "^!^^ 6 "" " 

™k? ;y ste ™' £ii2aer sequence enabling codes corresponding to seguential 
Detaile d Description Text (28) * 

portron'of'E^'rand'^rH 1 ^ C ° ntr01 38 are Sh ° Wn in the lower right 

p Lion ot tiG - 2 and include Trigger Enable Reaister ( trtpfwr \ on m ■ », 
(TRIGMEM) 92, Illegal/Error Condition Detector ULGL/Fr? Jf t • ' T "<?9 e r Memory 
(TRIGDET) 96, Trigger Registers , L (ILGL/ER) 94, Trigger Detector Logic 

,,-m k ^ Z . agisters (TRIGREG) 98 and Time Stamp Counter (TSC) inn a* 

of monitored conditions match the criteria stored in TRIGENR 90 . When a set 
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A monitoring means for selectively detecting and recording signals representing at 
selected points within a system, includes trigger generation logic responsive to 
selected bus signals for generating trigger signals representing the occurrence of 
selected conditions, and a recording memory for recording the conditions thereupon, 
a trigger selection logic for selecting trigger outputs corresponding to th e 
trigger signals. The trigger selection logic includes a trigger enabling memory for 
storing selectable trigger enabling codes, wherein each enabling code corresponds 
to a trigger signal, and trigger output logic responsive to the trigger enabling 
codes and to the trigger signals for providing trigger outputs . The trigger 
enabling codes include bus enabling codes representing selected conditions on a bus 
of the system, trigger sequence enabling codes corresponding to sequential 
combinations of trigger signals and external trigger enabling codes corresponding 
to triggers external to the system. The enabling codes may select trigger signals 
to be used in logical AND or OR functions in generating a trigger output or in 

SUDStltUtlOn for Pi hnQ t" T~-i rrrr<=>r c -J ~« 1 - 



substitution for a bus trigger signal. 
32 Claims, 3 Drawing figures 
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trigger output! representing the ooottrreaee of the se- 
lected conditions nd' » tBo b*n> memory having a 
sub-iilo for each oecond point. Each mb-iilo fcjis a fust 
tUb-tOo KgrnesS with data Input* connected from th* 
corrcspOJiding steeond point for recording data from the 
second point and a second mb-rilo «egroenl with data 
mpvts connected ftom a Ume itamp gmerator. Sib 
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[37] ABSTflACT 
A monitor device for selectively detecting and record- 
in* conditio™ it w/Asctad point* within » tyitem during 
operation, including a trigger enable memory for itor- 
feg selectable trigger enabling codes wherein each code 
oorreapoodi to i trigger signal representing the occur, 
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trigger generation device connocud from 6m ictacd 
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raprasJve to the eeabiiDg codas and the trigger signals 
for providing trigger outputs epoo the occurttaca of a 
tnggso- ripa! corresponding to a selected trigger en- 
aWms; code, and a silo bank memory oonneoted from 
second selected points and responsive to the trigger 
ontpnts for recording oondhions present at the second 
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Brief Summary Text (9) : 

The Jrigger^onjit^n may be specified using occurrences such as shift in a siqnal 
value from low to high (rising edge) or a shift from high to low (falling edge? 

' tagger condition may be specified with reference to a siLl ! \ 

as a "logic high" state or a "logic low" state. These occurrences^ states'mavte 
Ittl^nltiZT iT^" ^ S^ 8 " ° f - trigger coition "** 

-y U be ^ibW- C 

chan elf Jo^T^S 5 ^ analyZlng SlgnalS P-ser^n't^se' ° 

cnanneis. lo this end, the signals conceptually grouped together in the hn<, 

£"£"5 ^ner^ef ° n 3 f SPlaV dSViCe WheL the " ~* b g e et o h b:erved h o e r~s°u f d 
the signals in thin ^ dis P la y ed as waveforms. Also, the values of 

the signals in the bus at a particular instant, collectively referred to as thP 

deTirmine Ue th £ 71^ ^ ^iLTy.ll ma'y 

"0 "tnrv rue r the signal'^ir-i-'at lit J? rticul f is the binary value 

is »n« a f f hat m Z ? at time ' and the value of the signal C 

Detailed Description Text (19)* 

-ice 

uSSeSe^ig^ th \ Sampled data match the t^i^g,^^ 
sampled data in a n " requirements, storiTtstr^ele^d^ortions of the 

!™k t ? display memory. Device under test 135 of the illustrated 

embodiment may be any of a variety of known or existing devices that nroH.t. 

ana V LHr a diSt S al hat T * aSS6SSed by ^eHjSJ- Sf oJ^^of 

analog or digital waveforms. For example, device under test 135 may be a 

microprocessor, random access memory, another type of chio or nMn = ^ * u 

---^^^ 

voltaaes mp^nroH • yyb * ine illustrative analog 

vuxLdges measured m this manner are hereafter r^f^rr^n i • • , - -> 

wire or other communication channel (not Sown) so thaf ^- f Carrl6d ^ 3 Single 
carry logic sianals no fr ™ h ^ shown) so that multiple wires or channels 
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Detailed Description Text (148) : 

A further drawing rule is illustrated by FIGS. 15N and 0. In FIG. 15N, user 101 has 
drawn rising edge 15100 on constant-time line 15101. User 101 has not yet entered a 
- ^f?"^^^ - element for a second signal, as indicated by the dashed waveform 
iDiuz. m FIG. 150, it is shown that user 101 has now drawn rising edge 15104 for 
the second signal on constant-time line 15103 that follows constant-time line 
15101. It is illustratively assumed, however, that user 101 has not drawn a 
triqqer-condition element for the first signal on constant-time line 15103. Display 
coordinator 630 therefore applies a drawing rule in accordance with the illustrated 
embodiment so that rising edge 15100 is extended to line 15103. That is, the high 
logic state resulting from rising edge 15100 is extended to line 15103 More 
generally, the rule is that when user 101 specifies a trigger-condition element for 
a first signal on a first constant-time line but not on a subsequent constant-time 
line, and user 101 specifies a trigger-condition element for a second signal or for 
a bus on that subsequent constant-time line, display coordinator 630 extends the 
triqqer-condition element for the first signal from the first constant-time line to 
the subsequent constant-time line. User 101 may override this rule by drawing a 
triqqer-condition element for the first signal on line 15103. This rule for 
extending signals may be compared with the rule in accordance with the illustrated 
embodiment for extending buses, as described above with respect to FIG 15J As 
noted, buses are extended under similar circumstances by adding "don't care" 
conditions rather than by extending the existing trigger condition . The difference 
is a matter of anticipating the likely intentions of user 101 under typical 
operating conditions, and the rules may thus be otherwise in alternative 
embodiments . 
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ART-UNIT: 2174 

PRIMARY- EXAMINER: Sax; Steven 
ASSISTANT -EXAMINER: Nguyen; Thomas T. 



ABSTRACT: 

A system is disclosed for manipulating buses and signals on a display window of a 
graphical user interface of a logic analyzer. Each signal is associated on the 
display with representations of its sampled data, which may be in the form of lists 
or of waveforms. The system enables a user to graphically associate the buses and 
signals. Also, the buses and signals may be visually associated on the display 
window with user-specified trigger-conditions. The User may graphically associate 
the signals into buses by selecting the signals then grouping them by selecting a 
group command. Responsive to this grouping, the system may generate a bus 
representing the grouped signals. The bus may be graphically associated with the 
grouped signal-name elements, such as, for example, by a hierarchical structure. 
The system, responsive to the grouping by the user of the signals into buses, 
generates bus-data elements representing signal data associated with the grouped 
signals. The system may visually associate the bus with the bus-data element, 
either by horizontal or vertical alignment. 

39 Claims, 53 Drawing figures 



h e b 



bgeeef c e 



e ge 



Record Display Form 



Page 1 of 2 



First Hit Fwd Refs 



F Generate Collection | Print | 



L3: Entry 1 of 19 



File: USPT 



Mar 16, 2004 



US-PAT-NO: 6707474 

DOCUMENT-IDENTIFIER: US 6707474 Bl 

TITLE: System and method for manipulating relationships among signals and buses of 
a signal measurement system on a graphical user interface 

DATE-ISSUED: March 16, 2004 



INVENTOR- INFORMATION: 
NAME 

Beck; Douglas James 
Upham; Michael A. 
Brown; Cheryl 



CITY STATE 

Colorado Springs CO 

Colorado Springs CO 

Colorado Springs CO 



ZIP CODE 



COUNTRY 



ASSIGNEE-INFORMATION: 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

Agilent Technologies, Inc. Palo Alto CA 02 

APPL-NO: 09/ 430108 [PALM] 
DATE FILED: October 29, 1999 

PARENT-CASE: 
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ART-UNIT: 2174 

PRIMARY-EXAMINER: Sax; Steven 
ASSISTANT-EXAMINER: Nguyen; Thomas T. 
ABSTRACT : 

A system is disclosed for manipulating buses and signals on a display window of a 
graphical user interface of a logic analyzer. Each signal is associated on the 
display with representations of its sampled data, which may be in the form of lists 
or of waveforms. The system enables a user to graphically associate the buses and 
signals. Also, the buses and signals may be visually associated on the display 
window with user-specified trigger-conditions. The User may graphically associate 
the signals into buses by selecting the signals then grouping them by selecting a 
group command. Responsive to this grouping, the system may generate a bus 
representing the grouped signals. The bus may be graphically associated with the 
grouped signal-name elements, such as, for example, by a hierarchical structure. 
The system, responsive to the grouping by the user of the signals into buses, 
generates bus-data elements representing signal data associated with the grouped 
signals. The system may visually associate the bus with the bus-data element, 
either by horizontal or vertical alignment. 

39 Claims, 53 Drawing figures 
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TITLE: System and method for specifying trigger conditions of a signal measurement 
system using graphical elements on a graphical user interface 

Brief S ummary Text ( 9) : 

The trigger condition may be specified using occurrences such as shift in a signal 
value from low to high (rising edge) or a shift from high to low (falling edge) . 
Also, a trigger condition may be specified with reference to a signal state, such 
as a "logic high" state or a "logic low" state. These occurrences or states may be 
referred to as "events" for purposes of specifying a trigger condition . 
Alternatively, a trigger condition may be specified by requiring that a number of 
events occur simultaneously, or in a specified time sequence. Any of the logic 
signals received by the logic analyzer may be used to specify a trigger condition. 
The term "bus" conventionally is used to refer to a group of channels that are 
conceptually grouped together even though they need not be physically grouped 
together. Thus, for example, a bus may be defined as including channels A, B, and C 
to assist a designer in comparing and analyzing the signals present on those 
channels. To this end, the signals conceptually grouped together in the bus often 
are displayed together on a display device where they may be observed or measured 
by the designer. These signals may be displayed as waveforms. Also, the values of 
the signals in the bus at a particular instant, collectively referred to as the 
" bus value" at that time, may be displayed. For example, the logic analyzer may 
determine that the value of the signal A at a particular time is the binary value 
"0, " the value of the signal B is "1" at that time, and the value of the signal C 
is "0" at that time. The bus consisting of those signals may then be said to have 
the binary value "010, " which may also be expressed as a hexadecimal value, or a 
value in any other base. 

Detailed Description Text (19) : 

As noted, signal processor 140 samples and digitizes logic signals from the device 
under test, compares the resulting sampled data to user-selected trigg er 
conditions , and, when the sampled data match the trigger conditions and satisfy 
user-selected trigger position requirements, stores user-selected portions of the 
sampled data in a display memory. Device under test 135 of the illustrated 
embodiment may be any of a variety of known or existing devices that produce, or 
have operations that may be assessed by measuring, logic signals or other types of 
analog or digital waveforms. For example, device under test 135 may be a 
microprocessor, random access memory, another type of chip or chip set, a data bus 
or address bus, or another input-output bus or other communication channel. For 
illustrative purposes, it is assumed that device under test 135 has a number of 
measurement points at which any conventional probe device may be connected to 
measure logic states represented by analog voltages. The illustrative analog 
voltages measured in this manner are hereafter referred to as logic signals 132. 
For convenience, logic signals 132 are shown in the Figures as a single data line, 
but it will be understood that each of logic signals 132 may be carried on a single 
wire or other communication channel (not shown) so that multiple wires or channels 
carry logic signals 132 from device under test 130 to signal processor 140. 
Alternatively, in other embodiments, some or all of logic signals 132 may be 
multiplexed so as to be carried over one communication channel in accordance with 
known techniques. 
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Detailed Description Text (143) : 

A further drawing rule is illustrated by FIGS. 15N and 0. In FIG . 15N, user 101 has 
drawn rising edge 15100 on constant-time line 15101. User 101 has not yet entered a 
trigger-condition element for a second signal, as indicated by the dashed waveform 
15102. In FIG. 150, it is shown that user 101 has now drawn rising edge 15104 for 
the second signal on constant-time line 15103 that follows constant-time line 
15101. It is illustratively assumed, however, that user 101 has not drawn a 
trigger-condition element for the first signal on constant-time line 15103. Display 
coordinator 630 therefore applies a drawing rule in accordance with the illustrated 
embodiment so that rising edge 15100 is extended to line 15103. That is, the high 
logic state resulting from rising edge 15100 is extended to line 15103. More 
generally, the rule is that when user 101 specifies a trigger-condition element for 
a first signal on a first constant-time line but not on a subsequent constant-time 
line, and user 101 specifies a trigger- condition element for a second signal or for 
a bus on that subsequent constant-time line r display coordinator 630 extends the 
trigger-condition element for the first signal from the first constant-time line to 
the subsequent constant-time line. User 101 may override this rule by drawing a 
trigger-condition element for the first signal on line 15103. This rule for 
extending signals may be compared with the rule in accordance with the illustrated 
embodiment for extending buses, as described above with respect to FIG. 15 J. As 
noted, buses are extended under similar circumstances by adding "don't care" 
conditions rather than by extending the existing trigger condition . The difference 
is a matter of anticipating the likely intentions of user 101 under typical 
operating conditions, and the rules may thus be otherwise in alternative 
embodiments . 
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ART-UNIT: 2174 

PRIMARY-EXAMINER: Kincaid; Kristine 
ASSISTANT-EXAMINER: Nguyen; Thomas T. 
ABSTRACT: 

A system is disclosed for enabling a user to specify one or more trigger conditions 
by graphically creating a pictorial representation of the trigger conditions. The 
pictorial representation is presented on a display window of a graphical user 
interface of a logic analyzer and is accomplished using trigger-condition icons. 
Each icon represents a trigger condition of a signal or bus. The user specifies the 
trigger conditions by positioning the trigger-condition icons on the display 
window. The user does this by selecting, dragging, and dropping the trigger- 
condition icons onto the display window. The display window may include one or more 
name elements, each associated with a signal or a bus. The user may specify the 
trigger condition of a first signal or bus by selecting a trigger-condition icon 
and positioning it at a first position on the display window in horizontal 
alignment with the name element of the first signal or bus. Responsive to this 
action, the system displays a first trigger-condition element at the first 
position. The user may select the trigger-condition icon from a group of icons 
consisting of rising-edge icon, falling-edge icon, either-edge icon, low-level 
icon, high-level icon, don't care icon, bus icon, positive pulse icon, and negative 
pulse icon. The display window may include one or more vertically aligned constant 
time lines. The first position may be located on a first constant-time line, and 
the user may select other position on other constant-time lines. The user may 
specify a time-limit between the first and second constant-time lines, and or 
between the second and third constant-time lines. This specification may be that 
the time-limit is an indefinite time period, or that it is less than or greater 
than a user-specified time period. The system includes a trigger specifier that 
determines a combined trigger condition for a first state corresponding to the 
first constant-time line based on the first and second trigger-condition elements 
and one or more boolean expressions. These expressions may be predetermined, or 
they may be user-specified. 

29 Claims, 53 Drawing figures 
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Lists on a Graphical User Interface, " assigned to the assignee of the present 
invention and filed concurrently herewith. The specification of the foregoing 
related applications are hereby incorporated herein by reference. 
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ART-UNIT: 2174 

PRIMARY-EXAMINER: Kincaid; Kristine 
ASSISTANT-EXAMINER : Nguyen; Thomas T. 
ABSTRACT: 

A system is disclosed for enabling a user to specify one or more trigger conditions 
by graphically creating a pictorial representation of the trigger conditions. The 
pictorial representation is presented on a display window of a graphical user 
interface of a logic analyzer and is accomplished using trigger-condition icons. 
Each icon represents a trigger condition of a signal or bus. The user specifies the 
trigger conditions by positioning the trigger-condition icons on the display 
window. The user does this by selecting, dragging, and dropping the trigger- 
condition icons onto the display window. The display window may include one or more 
name elements, each associated with a signal or a bus. The user may specify the 
trigger condition of a first signal or bus by selecting a trigger-condition icon 
and positioning it at a first position on the display window in horizontal 
alignment with the name element of the first signal or bus. Responsive to this 
action, the system displays a first trigger-condition element at the first 
position. The user may select the trigger-condition icon from a group of icons 
consisting of rising-edge icon, falling-edge icon, either-edge icon, low-level 
icon, high-level icon, don't care icon, bus icon, positive pulse icon, and negative 
pulse icon. The display window may include one or more vertically aligned constant 
time lines. The first position may be located on a first constant-time line, and 
the user may select other position on other constant-time lines. The user may 
specify a time-limit between the first and second constant-time lines, and or 
between the second and third constant-time lines. This specification may be that 
the time-limit is an indefinite time period, or that it is less than or greater 
than a user-specified time period. The system includes a trigger specifier that 
determines a combined trigger condition for a first state corresponding to the 
first constant-time line based on the first and second trigger-condition elements 
and one or more boolean expressions. These expressions may be predetermined, or 
they may be user-specified. 

29 Claims, 53 Drawing figures 



h eb bgeeefc e 



e ge 



